
CE 570: Advanced Structural Mechanics 
Example of Castigliano’s First Theorem 
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Given: A pair of truss bars are connected as shown and subject to a vertically downward loading P. Bar #1 has 
a length = 4

5 L  and cross-sectional area = A, while Bar #2 has a length = L and a cross-sectional area = 1
2 A . 

Both bars are linearly elastic with a modulus of elasticity = E. 
 
Required: Find the horizontal and vertical deflection of the joint due to P. 
 
Solution: 1. Enforce displacement compatibility – how are u and v related to the axial deformation of 
each bar? (Assume that u and v are both small compared to L.) 
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2. Compute strain energy – for each bar, 
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So, ( ) ( )
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3. Castigliano’s 1st theorem – vertical force is associated with vertical displacement; horizontal force is 
associated with horizontal displacement: 
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Solve these two equations simultaneously for u and v: 
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